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Determination of the substrate specificity of site-specific proteases helps define their physiological roles. We developed a yeast-based system
for defining the minimal substrate specificity of site-specific proteases, within the context of a protein. Using this system, we characterized the P4–
P1 substrate specificity of the nematode apoptotic caspase CED-3. Apart from an absolute requirement for aspartate at the P1 position, CED-3 is a
relatively promiscuous caspase capable of cleaving substrates bearing many amino acids at P4–P2 sites.
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Site-specific proteases play important roles in numerous
cellular processes. Defining the substrate specificities of these
enzymes and their physiological substrates is important to un-
derstand their functions within cells. Apoptosis, or programmed
cell death, is characterized by the cleavage of many proteins by
members of an evolutionarily conserved family of cysteine
proteases known as caspases. We previously developed a yeast-
based transcriptional reporter system for identifying caspases
and their regulators [1,2], and have now adapted that system to
enable determination of their minimal substrate specificity. In
this study, we exploited this system to probe the specificity of
the nematode caspase CED-3.
Mammals have many apoptotic caspases, but nematodes
only have one: CED-3. CED-3 is essential for the death of
nematode cells during development (and in other circum-
stances) and for the subsequent engulfment of the cells, which
occurs via increasingly well-understood processes [3]. Howev-⁎ Corresponding author. Department of Biochemistry, La Trobe University,
Victoria 3086, Australia. Tel.: +61 3 9479 2339; fax: +61 3 9479 2467.
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0167-4889/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbamcr.2007.10.003er, the mechanism by which active CED-3 actually kills Cae-
norhabditis elegans cells remains obscure. Presently, it is
unclear whether CED-3 kills cells directly, by proteolysis of
essential nematode proteins, or indirectly, by triggering un-
known downstream effectors.
CED-3 cleavage specificity and substrates have received
relatively little research attention. A positional scanning sub-
strate combinatorial library approach predicted that optimal
CED-3 P4 and P3 residues were aspartate and glutamate
respectively, with many amino acids tolerated in the P2 position
[4]. However, real protein substrates may not necessarily reflect
those preferences, for various reasons including the following:
(1) The libraries contained aspartate at P1, but the ability of
CED-3 to cleave to the carboxyl side of amino acids other than
aspartate has not been evaluated. Caspases are widely regarded
as aspartate-specific proteases, however to our knowledge ex-
perimental evidence supporting this assumption has only been
reported for mammalian caspases-1, 3, 6, 7 and 8 [5,6]. The
Drosophila caspase DRONC can cleave after either aspartate or
glutamate residues [7]. Caspases-5 [8], and -9 [9] have also been
reported to proteolyse substrates after P1 glutamate residues.
Analyses using synthetic peptide substrates predicted that
caspase-7 was aspartate-specific [5], but it was subsequently
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residue [10]. (2) The compounds used for the positional library
scanning were peptides, not proteins. The environment outside of
the P4–P1 peptide may substantially influence cleavage speci-
ficity. (3) Instead of the small amino acids typical of P1' residues
in caspase substrates, the library compounds bore the amino-
methylcoumarin group, which could affect CED-3 specificity.
(4) The positional scanning library approach yields data regarding
the relative susceptibility to cleavage of each amino acid at a given
position (P4–P2), in the context of randomized residues in the
other positions. It assumes each site (P4–P2) contributes inde-
pendently to cleavage efficiency, which may not be the case.
Proposed protein substrates of CED-3 include CED-9 [11,12],
pro-CED-3 [13], the sex determination protein FEM-1 [14] and
the non-apoptotic caspase CSP-2B [15]. While this manuscript
was in preparation, Taylor et al. reported data obtained from in-
cubating nematode lysates with recombinant CED-3 [16]. They
estimated that around 3% of the worm proteomemay be sensitive
to CED-3 cleavage, and identified twenty-two candidate sub-
strates. Of these, calreticulin, 14-3-3 family protein 2 and tubulin
beta 2 were confirmed to be susceptible to cleavage by CED-3 in
vitro [16]. Analysis of the twelve CED-3 cleavage sites encom-
passed by the five confirmed CED-3 substrates revealed that all
bore aspartate residues at P1, and the P4 position was frequently
occupied by aspartate.
In this study, we employed a yeast-based system to identify
P4–P1 sequences that can be efficiently cleaved by CED-3
within the context of a protein. Our results formally demonstrate
that CED-3 is an aspartate-specific protease, but indicate that
many residues are tolerated at P4, P3 and P2 sites. These data
imply that numerous nematode proteins could be susceptible to
CED-3-mediated proteolysis.
2. Materials and methods
2.1. Plasmids
pGALS-(HIS3) was made by ligating a PvuI–PvuI fragment from pGALS-
(URA3) bearing the promoter, polylinker and terminator to a PvuI–PvuI fragmentFig. 1. Model of the yeast-based system for probing the minimal substrate specifici
encompassing truncated CD4, a cassette bearing a potential CED-3 cleavage site and L
to the plasma membrane so cannot induce lacZ transcription. (B) When CED-3 is co-
cleavage releases the transcription factor which accesses the nucleus and induces lacZ
cleavage site, the fusion protein remains intact, LexAB42 is retained at the membrafrom pGALL-(HIS3) containing the HIS3 gene. CED-3 and CED-3C358S were
excised using BamHI and XbaI from pGALL-(LEU2)-CED-3 [12] and pGALL-
(LEU2)-CED-3C358S [17] respectively, and ligated into BamHI/XbaI cut pGALS-
(HIS3), to yield pGALS-(HIS3)-CED-3 and pGALS-(HIS3)-CED-3C358S. A frag-
ment encoding amino acids 1–401 of CD4 was cloned into pGALL-(TRP1) with
EcoRI and BamHI, yielding pGALL-(TRP1)-CD4. The chimeric transcription
factor LexAB42 was amplified from pGALL-(TRP1)-CLBDG6 [Hawkins, 1999
#2984] using primers 1199 and 1200. The product was cut with EcoRI and XhoI
and cloned into pGALL-(TRP1)-CD4 to produce pGALL-(TRP1)-CD4-LQTD-
LexAB42. Using this construct as a template, a PCR reaction was performed with
primers 1212 and 1200. The product was cut with EcoRI andXhoI and ligated into
pBluescript II SK+ (Stratagene). A NaeI/XhoI fragment (encompassing the 5′
section of LexAB42 but lacking any sequences encoding cleavage sites) was
excised and purified for use as template to make cleavage site constructs and
libraries. These were generated by performing PCRwith a cleavage site-specific 5′
primer and the common 3′ primer 1200, cutting the product with EcoRI and BglII
and cloning into pGALL-(TRP1)-CD4-LQTD-LexAB42 cut with EcoRI and
BglII. The 5′ primers used to make constructs encompassing the various cleavage
sites tested were 1205 (DETD'G), 1206 (DETG'G), 1225 (DETE'G), 1228
(EAVD'G) and 1236 (DDTD'A). To generate the P1 redundant library (pGALL-
(TRP1)-CD4-DETX-LexAB42), the same cloning strategy was applied, using
primer 1207. For the P4–P2 redundant library (pGALL-(TRP1)-CD4-XXXD-
LexAB42), the 5′ primer 1214 was employed. For library generation, the ligations
were electroporated then the bacteria were plated at subconfluent density on 2YT
plates (1.6% tryptone, 1% yeast extract, 0.5% NaCl, 2% agar) containing
carbenicillin (50 μg/ml). After 26 h growth, the colonies were scraped into 200 ml
of 2YT liquid media containing carbenicillin and grown at 37 degrees for 3 h, then
the bacteria were pelleted. Plasmid DNA extractions were performed using a
HiSpeed Plasmid Midi kit (Qiagen).
2.2. Yeast strain, transformation, media
The yeast strain EGY48 (MATa, ura3, trp1, his3, LexAop6-LEU2) was
obtained from Invitrogen. Yeast transformation was performed as previously
reported [2]. Transformants were selected and maintained on selective minimal
media plates containing glucose (2%) to repress transgene expression. Galactose
(2%) was used to induce transgene expression. Plasmid DNAwas extracted from
yeast and used to transform bacteria as previously described [16].
2.3. Substrate testing and library screening
Yeast were transformed with the pSH18-34 lacZ reporter plasmid (In-
vitrogen) and a galactose-inducible CED-3 expression plasmid (pGALS-(HIS3)-
CED-3) yielding the “CED-3 reporter strain”. This strain was transformed with
expression plasmids encoding fusion proteins bearing defined cleavage sites
between the CD4 and LexAB42 domains, or libraries in which either the P1ty of CED-3. Yeast are transformed with a construct encoding a fusion protein
exAB42 (LB). (A) In the absence of a caspase, the transcription factor is tethered
expressed with a fusion protein bearing a CED-3 cleavage site, CED-3-mediated
, producing a blue color in the presence of Xgal. (C) If the cassette lacks a CED-3
ne and lacZ is not transcribed.
Fig. 2. Reporter assays testing cleavage by CED-3 of various sequences. (A) Xgal-
stained filters bearing lacZ-reporter yeast colonies co-expressing active or inactive
CED-3, together with fusion proteins containing the indicated potential cleavage
sites. (B) Results from ONPG assays of CED-3-reporter yeast expressing fusion
proteins containing the indicated cleavage sites. Three transformants bearing each
cleavage site were tested.
450 S.J. Westein et al. / Biochimica et Biophysica Acta 1783 (2008) 448–454residue or amino acids P4–P2 were redundant. Xgal assays were performed to test
transformants for reporter gene activation. HybondN+ filters (Amersham)were cut
to size then gently placed on plates bearing transformant colonies. The filters were
then transferred, colony side up, onto YPgal plates (2% peptone, 1% yeast extract,
2% galactose, 2% agar), and incubated for 24 h at 30 degrees. The filters were then
submerged in liquid nitrogen, thawed, placed on Xgal-soaked 3MM paper, and
incubated at 37 degrees for around 3 h. Filters were microwaved for 20 s to
inactivateβ-galactosidase and stop the color development. The Xgal-stained filters
were aligned with the transformation plates to identify colonies bearing fusion
proteins that were susceptible to CED-3 cleavage. Positive and negative colonies
identified in this way were restreaked onto fresh selective repressing plates. The
Xgal staining process was then repeated, to ensure that the colonies analyzed were
clonal. To quantitate reporter gene activation, transformants were grown in
selective minimal media containing glucose, then washed and incubated in YPgal
liquid media for 16–18 h, prior to processing for ONPG assays as described [2].
To estimate the percentage of positive clones yielded by the XXXD library
screen, CED-3 reporter yeast were transformed with the CD4-XXXD'G-
LexAB42 library and plated on repressive selective agar. One hundred and
eighty six transformants, along with control yeast bearing either the DETD'G or
DETG'G constructs, were inoculated into minimal media in 96 well plates and
grown overnight. Three microlitres of each transformant suspension was spotted
into Hybond N+ filters (Amersham) which were laid upon selective repressing
plates. After incubation at 30 degrees for 1 day, the filters were transferred to
YPgal plates and Xgal staining was performed as described above.
2.4. Cleavage site sequence analyses
To determine the cleavage site amino acids encoded by clones obtained from
library screening, DNAwas extracted from the cloned yeast as previously reported
[2], then used as a template in a PCR reaction with primers 1208 and 1209. The
amplified fragments were gel-extracted using a Qiaquick gel extraction kit
(Qiagen) and subjected to automated sequencing using the BigDye 3.1 reagent
(ABI) and primer 1209. The cleavage site sequences obtained from the P4–P2
library screen were graphed in a “logo” format [18] (http://weblogo.berkeley.edu/
info.html#uniform). The amino acids occupying sites P4, P3 and P2 in the clones
were analyzed using chi-square analysis, relative to the representation of each
amino acid in the library, as predicted from the redundant oligonucleotide design.
2.5. Oligonucleotides used in this study
1199: CGGAATTCCTGCAGACGGACGGCATGAAAGCGTTAA
CGGCCAGGCAACAAG
1200: CCGCTCGAGCTAATCTCCACTCAGCAAGAGGCTGGTATC
1205: CGGAATTCGATGAGACGGATGGCATGAAAGCGTTA
ACGGCCAGGCAACAAG
1206: CGGAATTCGATGAGACGGGTGGCATGAAAGCGTTAACG
GCCAGGCAACAAG
1207: CGGAATTCGATGAGACGNNSGGCATGAAAGCGTTAACGG
CCAGGCAACAAG
1209: CAGGAAATCAGCATTCGGCTTG
1212: CGGAATTCGCCGGCATGAAAGCGTTAACGGCCAG
1214: CGGAATTCNNSNNSNNSGATGGCATGAAAGCGTTAACGG
CCAG
1225: CGGAATTCGATGAGACGGAGGGCATGAAAGCGTTAACGG
CCAG
1228: CGGAATTCGAGGCGGTCGATGGCATGAAAGCGTTAACG
GCCAG
1236: CGGAATTCGATGACACGGATGCCATGAAAGCGTTAACGG
CCAG
3. Results
3.1. Reporter gene activation depends on CED-3 cleavage
A yeast-based system was developed to define the minimal
substrate specificity of the nematode apoptotic caspase CED-3(Fig. 1). The key feature of this system is a fusion protein
consisting of three sections: a membrane-targeted portion
(truncated CD4), a cassette bearing a potential protease cleav-
age site, and a transcription factor (LexAB42). In the absence of
CED-3, the transcription factor is tethered to the plasma
membrane so cannot induce reporter gene (lacZ) transcription
(Fig. 1A). When CED-3 is co-expressed with a fusion protein
bearing a CED-3 cleavage site, CED-3-mediated cleavage re-
leases the transcription factor which accesses the nucleus,
induces lacZ and leads to production of a blue color in the
Fig. 4. ONPG quantitation of clones from the XXXD'G library screen. Color
illustrates the intensity of Xgal staining. DETD and DETG controls are shown in
black. TQSD⁎ and LVRD⁎ indicate data from CED-3 reporter yeast transformed
with purified CD4–TQSD'G–LexAB42 or CD4–LVRD'G–LexAB42 plasmids
respectively. (A) Xgal positive clones; three colonies of each class were
analyzed. (B) Xgal negative clones; two colonies from each class were analyzed,
except for WSLD and LVRD⁎ for which three were analyzed.
Fig. 3. Xgal assays of clones from XXXD'G library screen. (A) A section of an
Xgal-stained filter bearing library transformants. (B) One hundred and eighty-
six transformants from the XXXD'G library screen were spotted onto filters,
then the transgenes induced and the filters stained with Xgal. Part of one such
filter is shown, illustrating the variation in Xgal staining intensity. A positive
control transformant expressing the CD4–DETD'G–LexAB42 fusion protein
was spotted in the top left position. The transformant spotted to its right
expressed the CD4–DETG'G–LexAB42 fusion protein.
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cleavage site, the fusion protein remains intact, LexAB42 is
retained at the membrane and lacZ is not transcribed (Fig. 1C).
This system was consciously designed such that filters are used
to lift colonies from uninduced transformation plates onto
plates that induce expression of the transgenes (including
the caspase). The filters are then stained with Xgal to locate
colonies in which the fusion protein was cleaved by CED-3.
This duplicate-lift approach, using β-galactosidase as a readout
(rather than a nutritional marker), avoids the complication of
CED-3 compromising yeast viability [12,17]. We ascertained
that even low level expression of CED-3 compromises yeast
growth too much to enable robust reporter assays based on
nutritional selection (data not shown).
Control constructs were generated that encoded fusion pro-
teins in which the CD4 and LexAB42 domains were separated
by DETD'G, DETG'G or DDTD'A sequences. The sequence
DETD' was predicted by Thornberry et al. to be efficiently
cleaved by CED-3, based on positional library scanning ex-
periments [4]. No caspase has ever been reported to cleave
substrates with glycine at P1, so DETG'G was designed as anegative (uncleavable) control. FTT-2 was reported to be effi-
ciently cleaved by CED-3 at residue D240 [16]. The P4–P1'
sequence DDTD'A was engineered to replicate that cleavage
site. These constructs were transformed into yeast bearing the
lacZ reporter plasmid and a CED-3 expression plasmid (referred
to hereafter as the “CED-3 reporter” strain). Xgal staining was
performed to visualize reporter gene activation. Transformants
expressing the DETD'G or DDTD'A fusion proteins stained
blue with Xgal, while those bearing the cassette encoding
DETG'G did not (Fig. 2A). Yeast expressing an active site
mutant of CED-3 (CED-3C358S) were used to verify that the
protease activity of CED-3 was essential for reporter gene acti-
vation (Fig. 2A). An ONPG assay enabled quantitative com-
parisons between substrates. The DETD'G sequence elicited 27
times more β-galactosidase activity than DETG'G, implying it
was cleaved much more efficiently (Fig. 2B).
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To formally test the hypothesis that CED-3 is an aspartate-
specific protease, we generated a CD4-DETX'G-LexAB42 (P1-
redundant) library. The library was transformed into the CED-3
reporter yeast strain, transformants were lifted onto filters,
transgene expression was induced, then the filters were stained
with Xgal (Fig. 2A). Library DNA was extracted from colo-
nies corresponding to blue (β-galactosidase positive) or white
(β-galactosidase negative) spots on the filters, and the cassettes
were sequenced. Cassettes from all ten positive colonies ana-
lyzed encoded aspartate at P1. Six white colonies were analyzed.
These bore cassettes encoding non-aspartate amino acids (S, G,
I, P, R, L) at P1. None of the sixteen colonies analyzed (white or
blue) encoded glutamate at the P1 residue. As mentioned above,
other caspases can cleave substrates after glutamate residues, so
we sought to determine whether CED-3 shares this capability. A
fusion gene was engineered encoding glutamate at the P1
position. Xgal staining of CED-3 reporter yeast expressing this
fusion protein demonstrated that the DETE'G sequence was notFig. 5. Analyses of CED-3 cleavage sites. (A–C) Frequencies of P4–P2 amino acid
frequency with which each residue is encoded by the library. Chi-squared tests were us
of each codon in the library.P values are stated for each position. (A) P4 residues of pos
(D) LOGO representation of CED-3 cleavage sites. The size of the letters indicates
substrate screens. (E) LOGO representation of the frequency with which each amino
amino acids (G, A, V, L, I, M) are shown in black, aromatic (F, Y, W) in red, polar uncsusceptible to cleavage by CED-3 (Fig. 2A), a result confirmed
by an ONPG assay (Fig. 2B).
3.3. CED-3 tolerates many residues at positions P4–P2
To further examine the minimal substrate specificity of CED-3,
a second librarywas constructed inwhich the P1 amino acidwas set
as aspartate but residues P4–P2 were redundant. CED-3 reporter
yeast were transformedwith this CD4-XXXD'G-LexAB42 library,
transgene expression was induced and Xgal staining was
performed. Many colonies stained various shades of blue. To
quantitate the frequency of positive colonies and better visualize the
variation in β-galactosidase activity, 186 colonies were grown in
liquid culture then spotted onto filters prior to galactose induction,
thenXgal stainingwas performed. Thirty-nine percent of the clones
analyzed in this way were visibly colored. Fig. 3 shows a section
from one such filter, illustrating the range of color intensities
observed, which varied from strong blue to pale green. These data
implied that, within the context of this fusion protein, numerous
P4–P2 sequences were susceptible to CED-3 cleavage, to variouss from 29 positive clones are shown by colored bars. White bars illustrate the
ed to compare observed frequencies with those expected based on representation
itive clones. (B) P3 residues of positive clones. (C) P2 residues of positive clones.
the frequency with which each residue was detected in the XXXD and DETX
acid is encoded by the library. (A–E) Color denotes amino acid class: nonpolar
harged (S, P, T, C, N, Q) in green, basic (K, H, R) in blue, and acidic (D, E) in red.
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(and hence substrate cleavage), ONPG assays were performed on
29 positive clones representing a range of Xgal staining intensities,
and 16 negative clones (Fig. 4). DNA was extracted from these
clones and an additional 22 white colonies, and the portions of the
fusion genes encoding cleavage sites were sequenced (Fig. 4).
The amino acid representation within the cleavage sites of the
positive clones was analyzed (Fig. 5). No absolute requirement
was noted at P4, P3 or P2, however the frequency of residues at
each site deviated, dramatically in the case of P4 and P2, from that
expected based on their representation in the library. The most
striking over-representation was valine at P2. No positive clones
bore aromatic or basic amino acids in the P4 position. Eight of 38
white colonies contained stop codons within the cleavage site
cassette (as expected no stop codons were found in the cassettes
frompositive clones). Analyses of 30 negative clones lacking stop
codons revealed no statistically significant differences from
expected amino acid frequencies based on library representation
(P values for P4, P3 and P2 were 0.19, 0.78, 0.42 respectively).
To confirm that the reporter gene activity of the colonies
identified in the screen depended on the P4–P1′ sequence encoded
by the fusion protein, plasmids encoding the TQSD'G and
LVRD'G fusion proteins were isolated from yeast, purified and
amplified in bacteria, then transformed into the CED-3 reporter
yeast strain. The resulting transformants exhibited reporter gene
activation similar to that of their corresponding screen-derived
clones, as measured by Xgal and ONPG assays (Fig. 4).
Some clones produced Xgal staining as strong as the positive
control clones bearing the DETD'G cleavage site, although none
of these clones' lysates produced ONPG signals that exceeded
those produced by positive control lysates (Fig. 4). Based on theFig. 6. CED-3 cleavage of the CD4–EAVD'G–LexAB42 protein. (A) Xgal
staining of transformants. (B) ONPG quantitation of cleavage efficiency. Single
DETD'G and DETG'G transformants were tested in parallel with three EAVD'G
transformants.amino acids that were most frequently identified from the screen
at each position (P4, P3 and P2), the cleavage site EAVD'G
was designed. CED-3 reporter yeast were transformed with a
plasmid encoding this sequence betweenCD4 and LexA-B42. An
Xgal assay confirmed that the EAVD'G sequence was sensitive
to CED-3 proteolysis, however an ONPG assay revealed that
this site was cleaved by CED-3 about half as efficiently as the
DETD'G control (Fig. 6).
4. Discussion
The system described here permits rapid comparisons of the
efficiency of cleavage of various sequences by site-specific
proteases, and screens to determine minimal substrate specific-
ity. Investigation of substrate specificity is carried out within the
molecular environment of a protein. The system therefore
avoids some potential artefactual concerns associated with the
use of synthetic peptides; a commonly employed technique for
characterizing protease specificity.
Despite the importance of CED-3, and the vast research effort
which has focussed on events governing its activation, little has
been published to date relating to events immediately downstream
of this step. In mammals and insects, apoptosis is characterized by
cascades of caspase activity: upstream members of the family
catalyze the activation of downstream relatives, which kill the cell
by digesting numerous structural proteins and enzymes. In contrast,
based on the fact that no candidate effector protease has been
identified in nematodes, CED-3 has been presumed to act as both
initiator and effector caspase. In probing the minimal substrate
specificity ofCED-3, this study addressed the hypothesis that CED-
3 has a narrow specificity and probably executes the programmed
cell death process by cleaving a few critical substrates. These could
either be protease precursors (whose cleavage results in activation,
as with effector caspases) or essential proteins (whose cleavage is
incompatible with cellular survival). The opposing hypothesis was
that CED-3 has a broad specificity, consistent with it inducing
nematode cell death simply bywidespread proteolysis. The datawe
obtained tend to support the second of these models.
In the context of the CD4-LexAB42 fusion protein, around a
third of P4–P2 sequences were susceptible to CED-3-mediated
cleavage. This contrasted strikinglywith the results obtainedwhen
the XXXD library was used to interrogate the specificity of
caspase-2. In that screen, around 0.1% of the transformants tested
were clearly positive (data not shown). It must be stressed that,
while our data suggest that CED-3 is a relatively promiscuous
protease, it certainly does not predict that every third aspartate in
the nematode proteome will be cleaved by CED-3. In order for a
nematode protein to be a bona fide CED-3 substrate, the substrate
and protease would have to co-localize. The cleavage site would
have to be sensitive to endogenous concentrations of activeCED-3
and accessiblewithin the natural context of the protein (whichmay
be influenced by folding and interactions with other molecules).
Factors such as some of these may account for the observations by
Taylor et al.; that around 3% of nematode proteins were efficiently
cleaved by CED-3 in vitro [16].
Our results formally demonstrate that CED-3 has an absolute
requirement for aspartate at P1. CED-3 tolerated many amino
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was most commonly found in the P2 position, and alanine and
aspartate were over-represented at P3. P4 positions of cleavable
fusion proteins bore non-polar, polar uncharged or acidic amino
acids, with glutamate being the most frequent residue in this
position. These preferences are reflected in the cleavage sites
previously identified within nematode substrates of CED-3:
pro-CED3 [13], CED-9 [11], CRT-1 [16], TBB-2 [16] and FTT-
2 [16]). Specifically, valine occupied P2 in a quarter of the
CED-3 cleavage sites identified within those proteins, and three
quarters of the P4 residues were acidic [16].
The structure of CED-3 has not been solved, but it has been
modelled using a structure of caspase-3 complexed with DEVD-
CHO as a template [19]. That study predicted major differences
in the S4 pocket between caspase-3 and CED-3. In caspase-3 the
S4 pocket is narrow, consisting of 340WRNS343 andW348. These
residues are conserved in CED-3. Asparagine342 of caspase-3
makes a polar interaction with the P4 aspartate of the substrate
DEVD-CHO. However in the CED-3 model, Asn342 is directed
away from the interior of the S4 pocket, thus is probably unable
to make this interaction. The other major residues that contribute
to the specificity of the S4 pocket of caspase-3 are 381ESFS381c.
These are a part of a larger specificity-determining loop, which is
three residues shorter in CED-3. The corresponding residues in
CED-3 are 381QTSQ381c. This sequence opens up the S4 pocket,
which, in combination with the altered conformation of Asn342,
make it less sterically hindered compared to caspase-3. This may
explain our data indicating that CED-3 can accommodate the
larger glutamate residue in P4.
A consensus cleavage site derived from our data, EAVD'G,
was processed with only moderate efficiency. This implies that the
influence of a particular residue on sensitivity to CED-3 cleavage
depends on the surrounding molecular environment. This high-
lights the advantage of this screening approach for defining
potential cleavage sites over other techniques that assume that each
site (P4–P2) contributes independently to cleavage efficiency.
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